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Mycoplasma contamination of biological materials remains a major problem. Most contaminations are
caused by the use of Mycoplasma-contaminated cell lines. We adapted a Mycoplasma group-specific PCR to
detect Mycoplasma contamination in cell lines and demonstrate its use in monitoring decontamination proce-
dures with Mycoplasma-contaminated suspensions of Chlamydia spp. Three different methods were investi-
gated: the use of Mycoplasma-specific antiserum in cell culture, physical separation by the combined use of
enzymatic treatment and differential centrifugation, and the use of detergents. With these methods only
incubation with Triton X-100 resulted in decontamination ofMycoplasma-contaminated suspensions of several
laboratory strains of Chlamydia pneumoniae, C. pecorum, and C. trachomatis. Only one C. pneumoniae strain,
UZG-1, was sensitive to Triton X-100 treatment. Since 39 of 40 throat swabs from patients with symptoms of
an upper respiratory tract infection had positive reactions in the Mycoplasma group-specific PCR, this proce-
dure could also have clinical significance in attempts to propagate C. pneumoniae strains from clinical
specimens.

Contamination of biological materials, such as cell lines,
viruses, and bacteria, with Mycoplasma spp. is a major prob-
lem. Although the class Mollicutes consists of .120 species,
only 5 Mycoplasma species account for .95% of contamina-
tions: two of bovine origin, M. arginini and Acholeplasma laid-
lawii; two of human origin,M. orale andM. fermentans; and one
of porcine origin, M. hyorhinis. Although contamination of
biological materials may originate from handling by humans or
the use of animal sera, the main source is Mycoplasma-con-
taminated cell lines. When contaminated cultures are used,
virtually every property of the cell line may be altered. As a
result, properties and measured parameters of viruses and
intracellular bacteria propagated inMycoplasma-contaminated
cell lines may also be altered. Especially when sensitive mo-
lecular methods are used to analyze the nucleic acid strains,
the presence of small amounts of Mycoplasma DNA may sig-
nificantly influence the results. Since Mycoplasma contamina-
tion is usually not visible on microscopic inspection of cell
lines, periodic screening is highly recommended. Many detec-
tion methods have been reported, but recently developed PCR
assays are probably the most sensitive (14).
Recently, we detected contamination of our cell lines by M.

arginini. Although further spread of the contamination could
be easily prevented by using aMycoplasma-free cell line stored
in liquid nitrogen, several propagated Chlamydia strains
needed to be decontaminated. Mycoplasma contamination of
Chlamydia strains has also been observed by other research
groups (8). Mycoplasmas are relatively resistant to decontam-
ination procedures. There is vast literature on different meth-
ods. Most of the methods were developed for decontamination
of cell lines and are not suitable for decontamination of Chla-

mydia strains. Most antibiotics effective against Mycoplasma
spp. are also inhibitory to Chlamydia spp. Several methods
based on physical separation of the contaminatingMycoplasma
spp. and the cells fail because Chlamydia spp., especially Chla-
mydia pneumoniae, has to be propagated in cell cultures as-
sisted by centrifugation. Although members of the family Rick-
ettsiaceae could be decontaminated by passage in animals (5),
passage of hybridoma cells in mice is not always successful in
removing Mycoplasma spp. (2, 13). Mycoplasmas have no cell
walls, and their outer membranes are sensitive to organic sol-
vents. Thus, suspensions of lipid-free viruses can easily be
decontaminated by treatment with ether or chloroform (6).
Membranes can also be disrupted by detergents. We used a
specific antiserum againstM. arginini (11), treatment with tryp-
sin (10) and DNase, and treatment with detergents to decon-
taminate Chlamydia strains. The process of decontamination
was monitored by a Mycoplasma group-specific PCR (18) and
verified by culture.

MATERIALS AND METHODS
Chlamydia strains. C. trachomatis serovars D (strain IC-CAL-8) and L2 (strain

434-B) were a gift from S. Darougar, Institute of Ophthalmology, University of
London, London, United Kingdom. C. pneumoniae TW-183 was purchased from
the Washington Research Foundation, Seattle; strains CM-1, 2023, and 2043
were purchased from the American Type Culture Collection, Rockville, Md.;
strains CWL-011, CWL-029, and CWL-050 were a gift from C. M. Black, Centers
for Disease Control and Prevention, Atlanta, Ga.; strain GRO-21 was a gift from
S. Farholt, Statens Seruminstitut, Copenhagen, Denmark; strain IOL-207 was a
gift from J. Treharne, Institute of Ophthalmology, University of London; and
strain UZG-1 was a gift from M. van den Abeele, University Hospital, Ghent,
Belgium. C. pecorum E58 was purchased from the American Type Culture
Collection.
Patient specimens. Throat swabs from 40 patients consulting a general prac-

titioner for symptoms of an upper respiratory tract infection were collected in 5.0
ml of gelatin-lactalbumin-yeast extract medium. The specimens were sent to the
laboratory by regular mail service. Upon receipt, routine viral diagnostics were
carried out, and 1.0 ml was stored at 2708C for testing in the Mycoplasma
group-specific PCR assay and the M. pneumoniae-specific PCR assay (17).
Culture of chlamydial strains. HeLa 229 cells (ATCC CCL 2.1) were used for

propagation of C. trachomatis strains, as previously described (9). Iscove’s mod-
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ified Dulbecco medium (GIBCO) supplemented with 10% fetal calf serum and
antibiotics was used. One-day-old monolayers in shell vials and 24-well microtiter
plates were used. All monolayers were pretreated with DEAE-dextran. The vials
and microtiter plates were centrifuged for 1 h at 4,8003 g at 258C and incubated
at 378C in 5% CO2 for 3 days. The microtiter plates were fixed with methanol and
stained with fluorescein-labeled anti-lipopolysaccharide (LPS) monoclonal anti-
bodies (PathoDx; Diagnostic Products Corp., Los Angeles, Calif.) to assess the
presence of inclusions. Suspensions were prepared from the monolayers in the
shell vials after the medium was replaced with fresh cold medium by ultrasonic
treatment for 1 min in a cup horn (Vibra Cell; Sonics &Materials, Inc., Danbury,
Conn.). C. pneumoniae and C. pecorum strains were propagated by the same
method but without pretreatment of the monolayers with DEAE-dextran. HEp-2
cells were used for propagation of C. pneumoniae (15).
Decontamination procedures. Three different decontamination procedures

were used. In the first procedure, 10% heifer-specific antiserum against M.
arginini was used in place of fetal calf serum (11) and Chlamydia strains were
subcultured in four passages. This antiserum was raised againstM. arginini 10129,
was not inactivated, and was stored at 2708C (11). It reacted positively in a
growth inhibition test on agar (11) and in an immunofluorescence test with agar
colonies. All subpassages were tested for the presence of Mycoplasma DNA by
PCR. In the second procedure, chlamydial suspensions were centrifuged for 20
min at 14,000 3 g in a microcentrifuge, resuspended in trypsin solution, and
incubated for 30 min at 378C. Next, the suspensions were centrifuged through a
layer of 35% sodium diatrizoate, resuspended in 10 mM phosphate-buffered
saline, pH 7.2 (PBS), with 30 mg of DNase I per ml for cell culture (Boehringer-
Mannheim, Mannheim, Germany), and incubated for 60 min at 378C. After
centrifugation through a layer of 35% sodium diatrizoate, the pellets were re-
suspended in medium and used to inoculate monolayers. After treatment and
subpassage, the suspensions were tested for the presence ofMycoplasmaDNA by
PCR. In the third procedure, chlamydial suspensions were centrifuged, and the
pellets were resuspended in PBS with 1% Triton X-100 or 1% Tween 20 and
incubated at 48C for 30 min. Next, the suspensions were centrifuged, resus-
pended in 25 ml of medium, and transferred to a clean tube with SM2 beads
(Bio-Rad, Veenendaal, The Netherlands) equivalent to approximately 50 ml to
remove traces of Triton X-100, which is toxic to cell cultures. Medium was added
to a volume of 500 ml, and the tubes were incubated at 48C for 30 min. After
centrifugation, the pellets were resuspended in medium and used to inoculate
monolayers. After treatment and subpassage, the suspensions were tested for the
presence of Mycoplasma DNA by PCR.
Mycoplasma-specific PCR. Prevention of molecular contamination was as pre-

viously described (9). The nucleotide sequences of primers and probe used in the
Mycoplasma group-specific PCR assay are as follows: upstream primer GPO-3,
59-GGGAGCAAACAGGATTAGATACCCT-39; downstream primer MGSO,
59-TGCACCATCTGTCACTCTGTTAACCTC-39; and probe GPO-4, 59-CTTA
AAGGAATTGACGGGAACCCG-39. Table 1 shows the locations of the prim-
ers and the probe and their corresponding chlamydial nucleotide sequences
relative to those of the complete 16S rRNA gene. The PCR method used was
basically as described by Van Kuppeveld et al. (19). In short, a suspension of
250,000 to 500,000 HEp-2 cells, 0.5 to 1.0 ml of sonicated chlamydial culture, or
1.0 ml of throat swab transport medium was centrifuged for 20 min at 14,000 3
g in a microcentrifuge. The supernatant was discarded, and the pellet was lysed
in a buffer with proteinase K (9). Five microliters of sample was added to 45 ml
of the following PCR mixture (final concentrations): 50 mM Tris-HCl (pH 8.5 at
378C), 50 mM NaCl, 2 mM MgCl2, 10 mM tetramethylammonium chloride,
0.01% bovine serum albumin, 1.5 U of AmpliTaq (Perkin-Elmer, Gouda, The
Netherlands), 200 mM (each) deoxynucleoside triphosphate, 1 mM upstream
primer GPO-3, and 1 mM downstream primer MGSO (19). The mixture was
overlaid with 2 drops of mineral oil. A touchdown PCR protocol (3) was used in
an Omnigene thermal cycler (Hybaid; Biozym, Landgraaf, The Netherlands),
with denaturation at 948C for 1 min, extension at 728C for 1 min, and initially, two
cycles of annealing at 658C for 1 min each. Every two cycles, the annealing
temperature was lowered by 28 until it reached 558C. At this annealing temper-
ature, 30 cycles were carried out. Ten microliters of each sample was analyzed by

agarose electrophoresis, using marker VIII as a reference (Boehringer-Mann-
heim), and photographed under UV light after being stained with ethidium
bromide. Initially, the specificity of the results was confirmed by blotting the gels
onto nylon membranes, hybridizing with the biotinylated oligonucleotide GPO-4
(19), and after reaction with peroxidase-labeled streptavidin (Boehringer-Mann-
heim), visualizing with the ECL kit (Amersham, ’s-Hertogenbosch, The Nether-
lands). Later, only direct photography of ethidium bromide-stained gels was
used. Throat swabs from patients were also tested by an M. pneumoniae-specific
PCR assay for the presence of M. pneumoniae-specific DNA (17).
Automated sequencing. The PCR products of two different contaminated

chlamydia strains were sequenced in an automated sequencer (ABI, Gouda, The
Netherlands) with the PRISM Ready Reaction DyeDeoxy Terminator Cycle
Sequencing Kit (ABI). The derived sequence was compared with known se-
quences in the GenBank database by using the BLAST server developed by the
National Center for Biotechnology Information at the National Library of Med-
icine (1).
Culture and identification of Mycoplasma spp. Samples of Chlamydia strains

and cell lines were frozen immediately after sampling and thawed directly before
inoculation for enrichment in broth and growth on agar. Modified Herderschêe
and Difco PPLO media were both used as culture media, as described previously
(12). Four tubes each containing 5 ml of each medium were inoculated with 0.5
ml of sample, and four plates were inoculated with 0.1 ml each. Half of the used
media was incubated aerobically and the other half was incubated in an atmo-
sphere of 95% N2–5% CO2. The broth cultures were subcultured on agar after
7 and 14 days and further incubated in the respective atmosphere. All cultures
were incubated at 378C. Agar plates were examined weekly for 3 weeks. Colonies
appearing on agar plates were identified by indirect immunofluorescence, using
specific polyclonal rabbit antibodies and horse anti-rabbit immunoglobulins la-
belled with fluorescein isothiocyanate (16). In parallel with this culture proce-
dure, DNA staining was carried out by using indicator cells, as described previ-
ously (12).

RESULTS

Detection and confirmation of Mycoplasma contamination.
The cell lines were tested by culture for contamination by
Mycoplasma spp. Samples from three different cell lines were
positive by DNA staining. AMycoplasma sp. was cultured from
these samples and serologically typed asM. arginini by indirect
immunofluorescence. Samples from these cell lines were also
tested by theMycoplasma group-specific PCR assay. A product
of approximately 270 bp was visible on agarose gels. Hybrid-
ization with the biotinylated oligonucleotide GPO-4 was posi-
tive. Next, suspensions from cultures of C. pneumoniae CWL-
011 and CWL-050 were tested by the Mycoplasma group-
specific PCR assay. A product of the expected size was visible
on agarose gel, and a positive signal was obtained after hybrid-
ization with the biotinylated oligonucleotide GPO-4. To con-
firm the specificity of the Mycoplasma group-specific PCR as-
say, the DNA nucleotide sequence of the amplified product
was determined by automated sequencing. Amplified products
from two contaminated strains, CWL-011 and CM-1, were
sequenced, each in both directions. The four nucleotide se-
quences obtained were identical. The BLAST server retrieved
the 16S rRNA sequence of M. arginini and that of M. gateae,
both with 100% identity to our PCR product. Figure 1 shows

TABLE 1. Location of primers and the probe used in the Mycoplasma group-specific PCR assay and corresponding sequences of M. arginini
and three chlamydial species in the complete 16S rRNA gene

Origin

Location of primers and probe in the 16S rRNA genea

Upstream primer GPO-3
(positions 774–798)

Probe GPO-4
(positions 910–933)

Downstream primer MGSO
(positions 1029–1055)b

Oligonucleotide 59-GGGAGCAAACAGGATTAGATACCCT-39 59-CTTAAAGGAATTGACGGGAACCCG-39 59-GAGGTTAACAGAGTGACAGATGGTGCA-39
M. arginini ......................... ..................G..... .........G.................
C. pneumoniae ......................... .. C... A........... GG.... CGCAAGG..... TAC.... G.. C....
C. trachomatis ......................... .. C... A........... GG.... CGCAAGG... T. TAC.... G.. C....
C. psittaci ......................... .. C... A........... GG.... CGCAAGG..... TAC.... G.. C....

a Location numbering from reference 19. A dot represents a nucleotide identical to that in the oligonucleotide sequence.
b Note that the actual primer sequence is the complementary sequence.
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the derived sequence aligned with the known sequences from
M. arginini, C. pneumoniae, C. trachomatis, and C. psittaci.
Results of decontamination procedures. All procedures

were first tested with C. trachomatis L2. The strain was first
propagated in contaminated cells. Next, the strain was pas-
saged in medium containing 10% M. arginini-specific anti-
serum. This procedure did not affect the presence of Myco-
plasma spp. Also, treatment with trypsin and DNase I was not
effective. Next, contaminated suspensions of the L2 strain were
treated with 1% Triton X-100 or 1% Tween 20. Directly after
treatment, there was visibly less PCR product on agarose gel
electrophoresis than with the untreated control. After two se-
ries of treatments, the suspension treated with Tween 20 was
stillMycoplasma positive by the PCR assay, but the suspension
treated with Triton X-100 was Mycoplasma negative. Myco-
plasma cultures of this suspension were also negative. Next,
Triton X-100 treatment was tested on a number of contami-
nated strains: C. trachomatis serovar D, C. pneumoniae TW-
183, CM-1, 2023, 2043, CWL-011, CWL-029, CWL-050, GRO-
21, IOL-207, and UZG-1, and C. pecorum E58. Usually all
strains were Mycoplasma DNA negative after one treatment
and subpassage. One strain, CWL-011, was Mycoplasma DNA
positive after the first treatment but negative after the second
treatment. However, after two passages in noncontaminated
cells, the strain was Mycoplasma DNA positive again. Two
additional treatments with Triton X-100 permanently rid the
strain of Mycoplasma contamination. Figure 2 shows an aga-
rose gel of the PCR products of strains CWL-011, CM-1, and
GRO-21 before treatment, after the first treatment with Triton
X-100, and after the second treatment and subpassage. All but

three strains showed .75% of the inclusions of untreated
suspensions after Triton X-100 treatment. Two strains, strains
2023 and 2043, showed a 100-fold reduction in number of
inclusions and one strain, UZG-1, was not viable after Triton
X-100 treatment and could not be decontaminated in this way.
Mycoplasma DNA detection in clinical specimens. Throat

swabs from 40 patients with symptoms of an upper respiratory
tract infection were tested for the presence of Mycoplasma
DNA. Thirty-nine specimens reacted positively in the Myco-
plasma group-specific PCR assay. Of these 39 specimens, 1
reacted positively in theM. pneumoniae-specific PCR assay; all
other specimens reacted negatively. No attempts to type these
Mycoplasma strains further were made.

DISCUSSION

Contamination of biological materials withMycoplasma spp.
may alter several parameters of many sorts of experiments (7).
Therefore, when these parameters are studied, it is essential to
use Mycoplasma-free materials. For example, when random
DNA amplification techniques with nonspecific primers are
used, the template DNA should be of the highest purity pos-
sible. Although we could eliminate Mycoplasma DNA, as de-
termined by PCR, from suspensions of chlamydial elementary
bodies by differential centrifugation, enzymatic treatment with
trypsin and DNase, and repeated centrifugation on a layer of
35% sodium diatrizoate (data not shown), it is advisable to
start with Mycoplasma-free material. Most contaminations re-
sult from the use of infected cell cultures, although Myco-
plasma spp. may be coisolated from clinical specimens taken
from sites harboring Mycoplasma spp. In our laboratory we
were faced with Mycoplasma-contaminated cell lines in July
1994. Although these cell lines were easily replaced by non-
contaminated cell lines stored in liquid nitrogen and most
chlamydial strains could be propagated from their original vials
in a Mycoplasma-free environment, some strains could not be
rescued. Recently, Messmer et al. reported Mycoplasma con-
tamination in several C. pneumoniae strains obtained from
different laboratories (8). Strains were found contaminated
with M. hyorhinis, M. hominis, and one unidentified species.
These authors argued that contamination might have occurred
as a result of the use of contaminated cell lines or because of
the presence of Mycoplasma spp. in the original specimen.
Therefore, we decided to develop a method for removing My-
coplasma contamination from suspensions of Chlamydia spp.
M. arginini was cultured from our contaminated cell lines.

FIG. 1. Aligned sequences of M. arginini (GenBank accession number
U15794), the PCR-amplified product, C. pneumoniae (GenBank accession num-
ber L06108), C. trachomatis (GenBank accession number M59178), and C.
psittaci (GenBank accession number M13769). A dot represents a nucleotide
identical to that in the first-mentioned sequence. A dash represents a gap intro-
duced for alignment. The locations of the primers and probe are underlined in
the M. arginini sequence.

FIG. 2. Agarose gel of PCR products from three contaminated C. pneu-
moniae strains. The lanes were loaded as follows: 1 and 15, marker VIII; 2, 6, 10,
and 14, negative control; 3, 4, and 5, CWL-011 before, after the first, and after
the second treatment; 7, 8, and 9, CM-1 before, after the first, and after the
second treatment; 11, 12, and 13, GRO-21 before, after the first, and after the
second treatment. The arrow indicates the position of the amplified 270-bp
fragment.
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Since many of the primer sets for detection ofMycoplasma spp.
described in the literature cross-react with Chlamydia spp., we
confirmed the PCR assay results by sequencing the PCR prod-
uct. This sequence was identical to the M. arginini sequence
retrieved from GenBank. However, sequences should be clas-
sified carefully. Initially,M. arginini 16S rRNA sequences were
not available in the GenBank database, and the BLAST server
retrieved the 16S rRNA sequence of M. arthritidis as the se-
quence with the highest percentage of identity with our PCR
product. At the time our experiments were carried out, the
only available M. arginini sequence contained 58 unknown
nucleotides within our amplified fragment. At the time of prep-
aration of this paper, the BLAST server retrieved the 16S
rRNA sequence of M. arginini and that of M. gateae, both with
100% identity to our PCR product.
No product was seen on gel when noncontaminated cell lines

or Chlamydia suspensions were used. Apparently, the specific-
ity of the downstream primer was sufficient. Next, we used this
PCR assay to monitor several decontamination procedures.
Three methods for decontamination were examined. Treat-

ment of Mycoplasma-contaminated cell cultures with antibiot-
ics eliminates this microorganism in many cases, but in some
cases resistant Mycoplasma strains emerge and even death of
cell lines may occur (4). Since antibiotics active against Myco-
plasma spp. are also active against chlamydiae, they could not
be used. Because most chlamydial strains need centrifugation-
assisted infection, removal of Mycoplasma spp. must be very
thorough; otherwise, Mycoplasma particles may be forced in-
side cells and survive treatment. With a specific antiserum,
Chlamydia strains could not be cleared of Mycoplasma spp.
Complement activity in this serum was not determined. Previ-
ous studies showed this antiserum to be effective in curing cell
lines from contamination with M. arginini only in combination
with antibiotics (11). Enzymatic treatment also was not suc-
cessful, although a more laborious procedure was successful in
removing Mycoplasma DNA from suspensions of elementary
bodies (data not shown). Next, we exploited the fact that my-
coplasmas have a cell membrane consisting only of a lipid
bilayer. This membrane is not resistant to the organic solvents
ether and chloroform (6). Since bacteria are usually sensitive
to ether or chloroform treatment, we used detergents to dis-
solve the membranes. Tween 20 proved not to be strong
enough, but Triton X-100 was successful in removing the My-
coplasma contamination from all strains tested except one.
This strain, UZG-1, isolated from a patient in Belgium, be-
longed to the species C. pneumoniae, since it reacted with
antichlamydial LPS monoclonal antibodies, with the C. pneu-
moniae-specific monoclonal antibody RR402, and with a C.
pneumoniae-specific 16S rRNA PCR. Even after a short incu-
bation with 0.05 to 1.0% Triton X-100, no viable elementary
bodies remained in the suspension. The reason for this physical
difference among C. pneumoniae isolates needs to be studied
further. Whether or not treatment with Triton X-100 selects a
resistant subpopulation with possibly different characteristics
was not tested further.
It is very difficult to propagate clinical isolates of C. pneu-

moniae. Most strains are lost after only a few passages. We
observed a large difference in growth characteristics among C.
pneumoniae isolates in Mycoplasma-free and Mycoplasma-con-
taminated cell lines. In the latter, less cells were infected, the
number of inclusions was smaller, and the size of the inclusions
was significantly smaller. Considering that 39 of 40 throat swab
specimens reacted positively in the Mycoplasma group-specific

PCR assay, all but one contaminated with Mycoplasma species
other than M. pneumoniae, it is very possible that contamina-
tion of clinical specimens with Mycoplasma spp. prohibits the
successful isolation and propagation of C. pneumoniae. In this
case, monolayers of the first and second passages of clinical
specimens in cell lines could be treated blindly with Triton
X-100 to remove theMycoplasma contamination, allowing suc-
cessful isolation of more C. pneumoniae strains.
In conclusion, we have developed a method that uses Triton

X-100 to rid Chlamydia strains of Mycoplasma contamination,
as confirmed by culture and a Mycoplasma group-specific PCR
assay.
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